Abstract. Territory size is often larger for males than for females in species without biparental care. For large solitary carnivores, this is explained by males encompassing a set of female territories to monopolize their reproduction during mating (area maximization). However, males are expected to behave more like females outside of breeding, with their area utilization being dependent on the range required to secure food resources (area minimization). To examine how male and female solitary carnivores adjust their spatial organization during the year as key resources (mates and prey) change, we radio-collared 17 pumas (Puma concolor; nine males and eight females) and 14 snow leopards (Panthera uncia; seven males and seven females) and estimated home range size and overlap on two temporal scales (annual vs. monthly). Contrary to expectation, we found no evidence that males monopolized females (the mean territory overlap between females and the focal male during the mating season was 0.28 and 0.64 in pumas and snow leopards, respectively). Although male-male overlap of annual home ranges was comparatively high (snow leopards [0.21] vs. pumas [0.11]), monthly home range overlaps were small (snow leopards [0.02] vs. pumas [0.08]) suggesting strong territoriality. In pumas, both males and females reduced their monthly home ranges in winter, and at the same time, prey distribution was clumped and mating activity increased. In snow leopards, females showed little variation in seasonal home range size, following the seasonal stability in their primary prey. However, male snow leopards reduced their monthly home range utilization in the mating season. In line with other studies, our results suggest that female seasonal home range variation is largely explained by changes in food resource distribution. However, contrary to expectations, male territories did not generally encompass those of females, and males reduced their home ranges during mating. Our results show that male and female territorial boundaries tend to intersect in these species, and hint at the operation of female choice and male mate guarding within these mating systems.
INTRODUCTION
The relationship between resource distribution and spacing behavior is key to understanding species' social organization (Adams 2001) , as well as their conservation and management (Gros et al. 1996 , Woodroffe and Ginsberg 2000 , Mattisson et al. 2011 . For species that can be easily observed (e.g., birds in open forest habitats), the nature of their territorial defense and how males and females may adjust their behavior according to resource distribution has largely formed the basis of our understanding of territoriality (Schoener 1968 , Brown 1969 , Gill and Wolf 1975 , Low 2005 . But for secretive species (e.g., large carnivores), systematic direct observations are often not feasible, with studies of territorial behavior relying on indirect observation methods such as Global Positioning System (GPS) collars (Allen et al. 2015 , Aronsson et al. 2016 . Despite this, significant advances have been made in recent years in our understanding of the form and drivers of territoriality in large carnivores (Maletzke et al. 2014 , Allen et al. 2016 , Elbroch et al. 2016 . Females appear to generally use territorial spacing to ensure access to an adequate supply of food and shelter for themselves and their offspring, with their territories being smaller in areas with higher resource availability (so-called area minimizers; Harvey 1978, Sandell 1989) . Males usually have larger territories than those predicted by their food requirements, and so it is often inferred that this is to ensure sexual access to females (area maximizers; Harvey 1978, Sandell 1989) . Sandell (1989) suggested two alternatives for males to maximize mating opportunities through such a strategy: roamers and stayers. Roamers are non-territorial and increase their range during mating to compete over each receptive female (e.g., brown bear, Ursus arctos; Dahle and Swenson 2003) , with this resulting in increasing home range overlap with their neighbors during breeding. In comparison, stayers defend a territory of relatively constant size to monopolize a number of females by encompassing their home ranges (e.g., lion, Panthera leo; Schaller 1972 ) and repelling intruders (Sandell and Liberg 1992) .
In order to assess predictions of how (and why) males and females monopolize or share space in large solitary carnivores, high-resolution data on temporal variation in home range size and overlap are needed (Sandell 1989 , B€ orger et al. 2006 , van Beest et al. 2011 ). This can be best explored in systems where food and mating resources show temporal cycles, because the temporal variation in residence patterns and overlap (both intra-and inter-sexual) provides insights into the relative importance of mates and prey as drivers of home range dynamics (Fieberg and B€ orger 2012, Aronsson et al. 2016) . Thus in such systems, it is necessary to consider not only annual home ranges but also seasonal or monthly ranges to examine how changes in resource availability relate to changes in space use. For territorial females, the utilization of their annual home range should change as availability in food resources changes (following the expectations of a range minimization strategy). For territorial males, there is a general expectation that their territory should encompass one or more females, with their range utilization increasing during the mating season (range maximization) and then contracting outside of this period to follow changes in food resources (range minimization; Sandell 1989) .
To evaluate these expectations, we compared home range utilization and overlap between neighbors for two large solitary felids with contrasting seasonality in resource distribution: pumas (Puma concolor) in the northwestern United States and snow leopards (Panthera uncia) in southern Mongolia. We examined both species to assess the generality of any findings, and to examine whether their spatial ecology could be predicted from the general theory of area minimization/maximization. Although pumas are able to mate year-round, there is a mating peak from February to April in the northern latitudes of their distribution range (e.g., our study area; Laundr e and Hern andez 2007, Hornocker 2010, Jansen and Jenks 2012) . Pumas in our study area are also subject to variable seasonal distribution of food. In contrast, snow leopards have an exclusive mating period from January to March, and in our study area there is little seasonal change in food distribution. Both puma and snow leopard males utilize larger home ranges than females and are considered to be territorial (i.e., stayers ; Sandell 1989 , Logan and Sweanor 2010 , Johansson et al. 2016 .
Following Sandell (1989) , males should adopt an area maximization strategy of their annual home ranges during the breeding season, with home range utilization during mating being proportionally larger than outside of this period. Thus, snow leopard males should adjust their spacing behavior in response to an increase in receptive females by increasing their movements to ensure contact with all females within their domain during the mating season (Je z drzejewski et al. , Schmidt et al. 2003 , Breitenmoser and Breitenmoser-W€ ursten 2008 . In comparison puma males should show a relatively lower seasonal adjustment in space use, because puma females have a much longer period of sexual receptivity compared to snow leopards. Because the male strategy is assumed to attempt to monopolize female reproduction-that is, maintain exclusive mating access-male territorial boundaries should encompass those of several females, rather than their territorial boundaries intersecting those of females (Sandell 1989) . Assuming that female home range variation is influenced by food availability (Mizutani and Jewell 1998, Aronsson et al. 2016) , we expect monthly home ranges of female puma to follow the seasonal changes in food availability, and female snow leopard monthly home ranges to be seasonally stable.
METHODS

Study area and data collection: snow leopards
Snow leopards were studied in the Tost Mountains (1684 km 2 ) in South Gobi, Mongolia (43°N, 100°E); the area consists of steep and rugged mountain massifs crisscrossed by narrow canyons and wider valleys. The mountains are relatively isolated with~40 km of steppe separating them from the closest mountain range to the north. Elevation in the study area ranges between 1600 and 2500 m. Mean temperature ranges from À14°C in January to 22°C in July, and mean annual precipitation is <130 mm, of which most falls as rain from June to August. Vegetation is sparse and dominated by grasses (Stipa gobica and Stipa glareosa) and shrubs (Caragana leucoplaea, Eurotia ceratoides, and Amygdalus mongolica). Human population consists of approximately 90 semi-nomadic families; their herded livestock are comprised of goats (Capra aegagrus hircus) and sheep (Ovis aries). There are also free-ranging domestic camels (Camelus bactrianus) and horses (Equus ferus caballus) in the area. The snow leopard population in Tost has been estimated at 10-14 adults (Sharma et al. 2014) . Their main wild prey consists of Siberian ibex (Capra sibirica) and Argali sheep (Ovis ammon), which do not show seasonal variation in their distribution (Johansson et al. 2015) . Based on the five known births in our study area and traditional knowledge, mating appears to occur between mid-January and mid-March ( € O. Johansson, unpublished data), and we assume the mating season to be largely restricted to these months.
Snow leopards were captured in modified Aldrich-style foot snares set at marking sites and immobilized with a mix of medetomidine and tiletamine-zolazepam (see Johansson et al. 2013 for details on immobilization). Two types of GPS collars were employed; in 2008-2009, we used North Star (King George, Virginia, USA) collars, and in 2010-2013, we used Vectronic GPS Plus (Vectronic Aerospace, Berlin, Germany) collars; these collars were programmed to acquire a GPS location every seven and five hours, respectively. Individuals were aged based on body weight and size, and coloration and wear of teeth. Additionally, males were aged based on the presence of facial scars from fights with other males, and females were also aged based on signs of reproduction such as size and coloration of nipples.
Study area and data collection: pumas
We studied pumas within a 1652-km 2 area along the eastern slope of the Cascade Mountain range of Washington State, USA (47°N, 121°W). The elevation ranges from 460 to 2300 m above sea level with sagebrush (Artemisia tridentata) steppe below 550 m; at higher elevations, the slopes were covered by trees dominated by ponderosa pine (Pinus ponderosa), Douglas fir (Pseudotsuga menziesii), subalpine fir (Abies lasiocarpa), and Engelmann spruce (Picea engelmannii). Mean temperature ranges from À7°C in January to 27°C in July. Precipitation increased with elevation, averaging 5630 mm/yr, the majority of which falls as snow during winter. Ownership and management of the area includes the U.S. Forest Service, commercial forest, agricultural land, and private residential property. Residential development is primarily along the wide valley bottoms and interspersed on the lower slopes surrounding the valleys with a density of 6.6 humans/km 2 . The main prey species are mule deer (Odocoileus hemionus) and elk (Cervus canadensis; White et al. 2011) , which aggregate at lower elevations in winter (Smith 2007 ). This prey aggregation results in clumped food resources for pumas. Migration of prey to lower altitude begins in November and lasts till May (Washington Department of Fish and Wildlife, The Colockum Elk Study II 2013, unpublished data). Although mating and births can occur at any time of the year, there are distinct seasonal patterns of reproduction in pumas in the northern latitudes of their distribution range with peak mating in February to April and with little to no mating from August to November (Laundr e and Hern andez 2007, Hornocker 2010, Jansen and Jenks 2012) . Though the puma study differs from that of the snow leopards in that the puma study area is contiguous with neighboring puma populations, it is unlikely that an effect of population isolation influenced the difference in behaviors of male and female snow leopards vs. pumas beyond those explained by resource distribution.
We captured pumas older than one year of age using trained dogs or large steel cage traps between 2002 and 2009 with methodologies described by Cooley et al. (2009) . Pumas were immobilized with either a mix of ketamine and xylazine or tiletamine-zolazepam, aged via tooth condition and gum line recession (Laundre et al. 2000) , and fitted with either a Vectronic GPS Plus-2 (Vectronic Aerospace, Berlin, Germany), Followit Tellus or Simplex (Followit, Lindesberg, Sweden), or Lotek 4400 collar (Lotek Wireless, New Market, Ontario, Canada). We programmed collars to take a GPS location every four hours and retrieved GPS data via UHF or VHF remote communication, from recovered collars, or via satellite transmission. All puma captures and handling were performed in accordance with Sikes and Gannon (2011) .
Home range size and overlap
The collar data were standardized by removing erroneous locations following the methodology in Bjørneraas et al. (2010) with adjusted metrics: puma (D = 30,000 m; m = 15,000; a = 3000 m/h; q = À0.97); and snow leopard (D = 100,000 m; m = 25,000 m; a = 5000 m/h; q = À0.97). The remaining locations were resampled to a maximum of three locations per day. To examine home range dynamics and plasticity of home range overlap, we calculated both long-term and monthly home ranges for each individual. Longterm home ranges were defined by data-driven break points, that is, home range shifts, using net square displacement (Bunnefeld et al. 2010) in the R package adehabitat (Calenge 2006) . This method allowed the long-term home ranges to vary temporally. As long as an individual remained true to an area, locations were accumulated in the same home range, but if the individual shifted home range, a new area was calculated. Home range sizes were estimated with adaptive local convex hulls (LoCoH, temporal parameter s = 0) using the R package T-LoCoH (Lyons et al. 2013) . We calculated a range of values for the parameter a (based on the heuristic a1) and plotted home ranges to identify a suitable level which was set to a = 15,000 for puma and a = 25,000 for snow leopard for our final analyses (Getz et al. 2007 ). We used the same parameters for long-term and monthly home ranges and only included monthly home ranges for which the number of locations was more than or equal to 30. For the purpose of comparison to other studies, we also calculated home ranges using 95% minimum convex polygons and 95% fixed kernels (kernels; bivariate normal smoothing curve and href 9 0.6) using the R package adehabitatHR (Calenge 2011) . We observed behavioral changes in space use when young individuals settled in more permanent home ranges at around 2 yr of age for pumas and around 3 yr of age for snow leopards. This coincided well with our age estimates in the field, and individuals were therefore classified as adults at this respective age.
Overlap was calculated as the proportion of each individual's home range that overlapped with each neighboring individual's. Only pairs with spatially overlapping long-term home ranges were included in the analyses, as we wanted to look at changes in overlap between long-term and monthly home ranges. As home range size is not constant between individuals and the proportion of overlap varies depending ❖ www.esajournals.orgon the size of the home range, we calculated two overlaps for each neighboring pair: Y/X and X/Y. However, for female-male overlap we only calculated the overlap of each female with the male she was most associated with as a measure of maximum male-female overlap (i.e., overlap between focal pairs). Because LoCoH is considered one of the most accurate estimators at identifying sharp borders of home ranges Wilmers 2004, Getz et al. 2007 ), we used LoCoH estimates as the basis for all analyses. We only included adult individuals followed for more than three months in this study.
The final dataset for pumas included 25,891 GPS locations collected over 12,847 radio-days from 17 adults (nine males and eight females). For snow leopards, it included 17,687 GPS locations collected over 7138 radio-days from 14 adults (seven males and seven females). One puma male shifted his range twice, and two puma males shifted their ranges once. One snow leopard male shifted his range twice. This resulted in 21 puma and 16 snow leopard longterm home ranges. The mean (AEstandard deviation [SD]) number of locations per home range was 1212 (AE1064) and 1105 (AE453), corresponding to 602 (AE573) and 446 (AE206) d, which resulted in a mean of 2.2 (AE0.5) and 2.6 (AE0.4) locations per day and individual for pumas and snow leopards, respectively.
Statistical analyses
Analyses were undertaken using a Bayesian framework in JAGS (Plummer 2003) within R (R Development Core Team 2014) . We used Bayesian modeling because all estimated and derived parameters are posterior distributions where the probability of an effect being different from zero can be directly calculated. This is particularly useful when comparing group-level estimates; here, the posterior distribution of the difference between two groups (e.g., Are the estimates for group A > group B?) can be calculated by simply subtracting one posterior distribution from the other. The proportion of the resulting posterior distribution that is above zero is the probability that A > B. Subsequent interpretation is that a probability of 50% indicates the mean estimate for the coefficient = 0 and has no predictive value; thus, parameters and derived variables where the posterior distribution largely overlaps zero can be considered unimportant to the process being modeled .
For the sex-and species-specific home range estimates, we calculated the means and SDs of observed home range sizes using a gamma probability distribution to constrain estimates to be positive. When examining how monthly home range size changes throughout the year, we modeled this using a sine wave function (Eq. 1) to incorporate its annual cyclical nature:
where A is the peak deviation from the center of the sine wave, f is the number of cycles that occur per unit of time (this was fixed at 1/12 considering we have an annual cycle), t is the month, u is the phase of the cycle when t = 0, and D is the amplitude at the center of the sine wave. We accounted for individual differences and potential sampling biases by modeling A with individual variation (for a formalized expression of the model, see Appendix S1). Because sine waves are symmetrical, our model assumes that temporal changes in home range size across the year are also symmetrical. To check whether this assumption was valid, we fitted a series of Hill equations (Hill 1910) to examine when increases and decreases in home range size were estimated to occur during the year, and whether these changes were consistent with the predictions from the sine wave function. We also compared all sine wave models to intercept-only linear models (i.e., no temporal change across the year) using WAIC (Watanabe-Akaike information criterion). For analyses involving the proportion of home range overlap between neighbors, we used a beta probability distribution as the likelihood function to constrain estimates between 0 and 1. As above, monthly variation was modeled based on the relative WAIC rank of sine wave and intercept-only linear models. Repeated sampling of individuals across monthly estimates was accounted for by including individual variation on the parameters of the beta distribution used to estimate the mean home range overlap variation (Appendix S1). Convergence of MCMC chains was checked using the Gelman and Rubin diagnostic (Gelman and Rubin 1992) after 50,000 iterations before sampling. Models used vague or weakly informative priors (Appendix S1) ❖ www.esajournals.orgbased on the most appropriate distributions for each of the model parameters. Posterior predictive checks of model fit showed the models were able to account for the structure of the data (Bayes P values all between 0.2 and 0.8).
RESULTS
Sex and species comparisons of home range size and overlap
Male long-term home ranges were generally larger than those of females (Table 1;  Appendix S1: Tables S1, S2 ). However, this sex effect on long-term home range size was smaller and less certain in pumas than in snow leopards, with male average home range size 1.47 and 1.74 times the size of female home range, respectively (Table 1) . Each month, snow leopards occupied almost half of their long-term home range, while pumas occupied less than a quarter (Table 1 ; P [snow leopard > puma] = 0.99 for both sexes). Sex differences in monthly home ranges of pumas were larger and more certain than for long-term estimates, with monthly male home range equaling 1.94 times the size of that of monthly female home range (Table 1) .
We found no evidence of males monopolizing or attempting to maintain exclusive access to females in either species, as the proportion of long-term home range overlap between a focal female and the male most strongly associated with her home range was only 0.28 for pumas and 0.64 for snow leopards (Table 2, Fig. 1 ). This shows that most males did not fully overlap their Notes: Estimates show means of long-term and monthly home range sizes with their associated uncertainties (AESE of the estimated mean, and the standard deviation of expected home range sizes around the mean). The month/long-term ratio shows the proportion of the long-term home range occupied per month on average. See Appendix S1: Tables S1, S2 for the equivalent home range estimates calculated using minimum convex polygon and kernel estimators. Notes: Estimates show overlap (means AE standard deviation) of long-term and monthly home ranges of male-male and female-female neighbors. The female-male estimates relate to the proportion of the female home range that was overlapped by the male that was most strongly associated with that female's territory (i.e., focal pairs).
home ranges with even one female. Male snow leopards showed higher rates of male-male longterm home range overlap compared to pumas (0.21 vs. 0.11; Table 2); however, on a monthly basis, male snow leopard home ranges showed almost no overlap (0.02). Female-female longterm and monthly home range overlaps were generally larger than male-male overlaps (Table 2; 
Seasonal variation in monthly home range size and overlap
Males of both species displayed much larger seasonal variation in home range size than females. In both snow leopards and pumas, male home range size was at its minimum during winter, which corresponds to clumped food resources and peak mating for pumas and the mating season for snow leopards (Fig. 2) . Females showed much less seasonal variation in home range size (especially snow leopard females; Fig. 2, Table 3 ), resulting in a seasonal change in the relative difference between male Fig. 1 . Example of how male (light gray) and female (dark gray) long-term home ranges overlapped in radio-collared pumas (top) and snow leopards (bottom). Home range boundaries were determined using adaptive local convex hulls with a = 25,000 for snow leopards and a = 15,000 for pumas. Lines show medians of the posterior distribution, shaded areas show the 95% confidence intervals, and points show the monthly means of the raw data. Also highlighted is the period when food resources were clumped during winter (November-May) for pumas and the breeding season for snow leopards (January-March).
and female home range sizes (Fig. 3) . The seasonal change in male home range size was inversely related to the degree of seasonal female home range overlap with the focal male (Fig. 4) .
DISCUSSION
Males in both pumas and snow leopards had larger long-term and monthly home ranges than females. Seasonal home range size in puma females was lowest during the period when food resources were clumped. Seasonal home ranges in snow leopard females were relatively more stable, presumably because their food resources varied much less. Within these expected patterns, we were able to extract additional details of feline social behavior and test the predictions for territorial males (stayers) in solitary carnivores (Sandell 1989) .
We found no support for the hypothesis that males monopolize females by encompassing their home ranges because (1) the long-term home range overlap between focal females and the male most strongly associated with them was considerably lower than one (0.28 for puma and 0.64 for snow leopard) and (2) snow leopard and puma males decreased their home range size during peak mating contrary to the expectation that males should increase their home range size during this time (area maximizing). Together these results raise questions regarding the placement of territories, and how individuals, their neighbors, and potential mates determine territorial boundaries. Also, we discuss what we can infer from location data as to the nature of territoriality by contrasting annual and monthly home ranges, and what these results tell us about the factors that influence social behavior in solitary carnivores.
Females as a resource and female choice
The common illustration of the relationship between male and female territorial boundaries in large carnivore ecology is one where an area representing a male home range encompasses a set of smaller female home ranges (Sunquist . Also shown is the probability that the expected seasonal maximum is actually larger than the expected seasonal minimum (P [max > min]); a number close to 0.5 suggests there is no seasonality in home range size. Fig. 3 . Seasonal variation in the ratio of male to female home range size for pumas (solid line) and snow leopards (dashed lines). Lines show medians of the posterior distribution, shaded areas show the 95% confidence intervals, and points show the monthly means of the raw data. 1981, Macdonald 1983 , Sandell 1989 , Mizutani and Jewell 1998 , Goodrich et al. 2010 . This view conveys the idea that females sort themselves according to the resources they need to provision themselves and their young, while males place their boundaries around as many females as they can to maximize exclusive mating access (Sunquist 1981 , Sandell 1989 , Mizutani and Jewell 1998 , Breitenmoser and Breitenmoser-W€ ursten 2008 , Goodrich et al. 2010 .
However, this largely focuses on male decisions and the discussion of territorial boundaries in solitary carnivore ecology still largely ignores the concept of female choice and how this is likely to impact the understanding of their spatial ecology (Sandell and Liberg 1992, CluttonBrock and McAuliffe 2009 , but see Allen et al. 2015) . Indeed, the question of how females may adjust their territorial boundaries to include multiple males or specific mates has been rarely discussed, despite females being generally considered the more selective sex (Darwin 1871, Clutton-Brock and McAuliffe 2009 ) and female mate choice being known to occur in large carnivores (Packer and Pusey 1983 , West and Packer 2002 , Gottelli et al. 2007 .
In this study, both pumas and snow leopards had the highest level of female home range overlap with the focal male during the mating period, when their home ranges were the smallest. Paradoxically, as males expanded their home range utilization outside of the mating season, female monthly home range overlap with the focal male decreased. This suggests that the females' home ranges were located such that single males did not encompass them; that is, females were generally centered on the border between two or more males, providing her with a choice as to which of the overlapping males she would mate with. While it is likely that some individuals escaped our capture efforts, it is unlikely that this should largely influence our results or interpretations because none of the females in our study were encompassed by a single male, clearly showing that monopolization was rare or absent.
Sexually selected infanticide is known to occur in many felid species, including pumas , Balme and Hunter 2013 , Wielgus et al. 2013 , and needs to be considered when interpreting overlap and segregation between males and females (Keehner et al. 2015) . Infanticide typically results from younger immigrant males entering the system rather than established territorial males (Packer and Pusey 1983 , Ruth et al. 2011 , Balme and Hunter 2013 , Keehner et al. 2015 . Female felids have been shown to mate with multiple males in the same breeding cycle, probably to confuse paternity (Gottelli et al. 2007) , which would deter infanticide (Balme and Hunter 2013, Allen et al. 2015) . By mating with several neighboring males, the female ensures that subsequent encounters would be amicable. Should one of the males be replaced, the female could adjust her home range utilization to avoid the new male. Thus, in systems where male turnover is high, the resulting low territorial stability allows a greater number of (young) immigrant males to enter the system (Maletzke et al. 2014) . This can result in females segregating themselves and their offspring from these new males during cub rearing (Ruth et al. 2011 , Keehner et al. 2015 . Such a phenomenon could explain some of the patterns in our study, as female monthly home range overlap with the focal male was highest during the mating season/peak and then declined. Thus, the relatively high mating overlap may not be driven by males seeking females (or vice versa), but by females avoiding males in the following months after their cubs are born. The greater magnitude of this effect in the puma over the snow leopard (Fig. 4) may result from two factors: (1) Sexual dimorphism is higher in the puma (on average, males are 1.4 times the weight of females in puma, vs. 1.2 in snow leopard; Logan and Sweanor 2010, Johansson et al. 2015) , meaning that female pumas may be less able to defend their offspring from immigrant males compared to snow leopards; and (2) puma males are hunted for sport harvest and population control (Cooley et al. 2009 ), while snow leopards are strictly protected (Jackson et al. 2008) , creating higher territorial instability in the puma system.
Territoriality and seasonal variation in home range utilization in large solitary carnivores
Large carnivores primarily define their territories with olfactory and visual cues (Wolf and Ale 2009 , Powell 2012 , Allen et al. 2015 . These marks carry information about not only the identity of the individual, but also their sex, reproductive status, and time since they last visited the area (Gosling and Roberts 2001, Vogt et al. 2016 ).
Thus, neighbors or individuals of the opposite sex can use this information to decide when they should enter or avoid an area. An individual may enter another's home range for many reasons, with the complexity of such decisions not necessarily reflected in simple rules of thumb to determine whether neighbors are territorial or not. For example, the long-term home range for snow leopard males in our study would be classified as a defended territory following de Azevedo and Murray (2007) and Ferron and Ouellet (1989) , whereas these males would have been classified as non-territorial following Sandell (1989) and Schmidt et al. (2003) . To help clarify such categorization, monitoring overlap on shorter timescales such as monthly home ranges can provide additional information as to whether individuals avoid each other or not. Less than half of the long-term home range was used on a monthly basis for both species in our study. The long-term male snow leopard home range overlap of 21% decreased to only 2% when examined at the monthly scale, suggesting avoidance or territoriality rather than sharing. This indicates that individuals may use information in scent marks to utilize parts of neighboring ranges when the neighbor is temporarily absent. Thus, neighbors can avoid each other and maintain territoriality while still allowing a certain proportion of home range overlap. If so, using overlap as a proxy determinant for territoriality must be conditional on the size and use of the territory by the species in question. Here, the time frame for defining the territory boundary needs to be carefully considered (e.g., weekly vs. monthly vs. annual estimates; Fieberg and B€ orger 2012) .
Home range utilization is affected by many factors, perhaps most importantly by the availability and distribution of food, conspecific density, and mating season (Ferron and Ouellet 1989 , Sandell 1989 , Dahle and Swenson 2003 . Because conspecific density was stable throughout the study for both species (Cooley et al. 2009 , Sharma et al. 2014 , we focused on relative changes in home range utilization as the distribution of food and mating opportunities changed seasonally. Females are expected to primarily respond to changes in food availability, with their home range utilization decreasing as food becomes more plentiful or clumped, because they can satisfy their nutritional needs in a smaller area (Sandell 1989) . In the puma system, their main prey aggregated in forested areas during the winter resulting in a clumped distribution (Smith 2007) . As expected, female pumas showed seasonal changes in their home range utilization that followed this change in their primary prey's distribution (Fig. 2) . The snow leopard system in contrast did not appear to have drastic seasonal changes in the distribution of the primary prey ( € O. Johansson, unpublished data), and consequently, female home range utilization was seasonally stable.
Observed patterns of male home range utilization clearly do not fit with the hypothesis that males increase their movements during mating (i.e., the area maximization hypothesis; Sandell 1989). Instead, males reduced their movements during mating, indicating that they monitor several females but reduce their area of use to individual females as they become fertile and engage in a form of mate guarding (Clutton-Brock 1989) . This result is most easily interpreted using the snow leopard patterns where male home range utilization declined during the mating season (January-March), despite female ranges remaining stable. A similar pattern occurred in puma males, with large changes in home range utilization mirroring changes in female mating patterns throughout the year (i.e., as the probability of mating opportunities increased, male home range utilization decreased; Fig. 2 ). This pattern in male pumas was complicated by the changes in female home range utilization and food distribution. Although food availability can influence space use in males at some spatial scales (Aronsson et al. 2016) , it is unlikely that food requirements can explain the larger monthly or long-term home ranges in puma males. Despite the larger body size in male pumas, they have lower metabolic requirements than female pumas since the females will be pregnant or providing food for dependent cubs for most of their adult lives (Logan and Sweanor 2010) Hence, males should have smaller home ranges than females if access to food was the key resource determining home range size. If male home range size instead is driven by access to receptive females, it is more likely that the puma males respond to female mating and distribution and contract their home ranges to maintain proximity to fertile females.
While both sexes of these large solitary felines showed evidence of territoriality, their use of the space was conditional on seasonal changes in key resources. Female space use appeared to follow changes in food distribution, while male space use appeared to reflect a mate-guarding strategy and the seasonal variation in mating opportunity as they reduced their movements during periods of peak mating. Males did not monopolize females, nor did females monopolize males in these systems. Female pumas and Eurasian lynx have been shown to visit marking sites more frequently prior to and during estrus (Allen et al. 2015 , Vogt et al. 2016 and are more likely to mate with the dominant male (Allen et al. 2015) , suggesting that female choice of males is occurring. Our results further suggest that female choice affects the social organization of snow leopards and pumas. Perhaps the reason why male solitary carnivores maintain larger territories than females is more complex than simply them trying to monopolize female reproduction by encompassing the female's home range. By intersecting territorial boundaries with multiple females, males can display their fitness to more females, allowing females to choose among males. This would favor high-quality males and female choice and could be favored by selection. Thus, these patterns have implications for our general understanding of large carnivore ecology, with seasonal changes in movement patterns important for management or conservation strategies that include spatial dynamics of populations.
